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Citizenship 
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Westerman, Hattori/ Daniels & Adrian, LLP 

U.S. Assignment 

IN CONSIDERATION of the sum of One Dollar ($1.00), and of other good and valuable 
consideration paid to the undersigned inventors) (hereinafter ASSIGNOR) by 
FUJITSU LIMITED, 1-1, Kamikodanaka 4-chome, Nakahara-ku, 
Kawasaki-shi, Kanagawa 21 1-8588 Japan 



(Title of Invention). 



(hereinafter ASSIGNEE), the receipt of which is hereby acknowledged, the undersigned 
ASSIGNOR hereby sells, assigns and transfers to ASSIGNEE the entire and exclusive right, title 
and interest to the invention entitled 

SEMICONDUCTOR MEMORY DEVICE AND MANUFACTURING METFHOD THEREOF 



(*If the assignment is 
being filed alter the 
filing of the 
application, this 
section must be 
completed) 



(Signatures) 



for which application for Letters Patent of the United States was executed on even date herewith 
unless otherwise indicated below: 
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Serial No. 



(Westerman, Hattori, Daniels & Adrian, LLP is hereby authorized to insert the series code, serial 
number and/or filing date hereon, when known) 

and all Letters Patent of the United States to be obtained therefore on said application or any 
continuation, divisional, substitute, reissue or reexamination thereof for the full term or terms for 
which the same may be granted. 

The ASSIGNOR agrees to execute all papers necessary in connection with the application and any 
continuation, divisional, reissue or reexamination applications thereof and also to execute separate 
assignments m connection with such applications as the ASSIGNEE may deem necessary or 
expedient. 

The ASSIGNOR agrees to execute all papers necessary in connection with any interference, 
litigation, or other legal proceeding which may be declared concerning this application or any 
continuation, divisional, reissue or reexamination thereof or Letters Patent or reissue patent issued 
thereon and to cooperate with the ASSIGNEE in every way possible in obtaining and producing 
evidence and proceeding with such interference, litigation, or other legal proceeding. 
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(Date) 
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(Date) 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
APPLICATION FOR LETTERS PATENT 



Title : SEMICONDUCTOR MEMORY DEVICE AND 

MANUFACTURING METHOD THEREOF 

> 



Inventor ( s) 



Masaki ISHIDAO 
Masahiro KOBAYASHI 
Masatoshi FUKUDA 



CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is based upon and claims the 
benefit of priority from the prior Japanese Patent 
Application No. 2003-027514. filed on February 4, 
2003, the entire contents of which are incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 
[Field of the Invention] 

The present invention relates to a semiconductor 
memory device suitable for a multi-value flash memory 
of which charge storage layers are spatially 
separated, and a manufacturing method thereof. 
[Description of the Related Art] 

Conventionally, there has been such a limitation 
in a multi-value flash memory that electron injection 
during write operation in a memory cell of MONOS 
(Metal/Oxide/Nitride/Oxide/Semiconductor) structure 
is possible only in the regions at both ends of a 
gate; thereby electrons which are injected into traps 
of a nitrided film are accumulated. These 
accumulated electrons cause a shift in a threshold 
voltage of a cell transistor. As a result, an 
electric current value of the cell transistor during 
read operation may vary to "l" or "0(zero)" in terms 
of information. 

Generally, in such an element structure, such 
electrons as injected and held in a source side of 

- 1 - 



the cell transistor largely affect the shift of the 
threshold voltage of the cell transistor. Therefore, 
it is possible to obtain two bits of information, 
which is represented as four values: "00", "01", "10" 
and "11", in one memory cell by conducting read 
operation of the state of accumulated electrons of 
both ends of the gate twice at the source and at a 
drain by turns. 

In a memory cell of conventional structure, there 
is placed a charge storing film, commonly a silicon 
nitride film, over the whole area of the gate, 
thereby charge redistribution may occur. The charge 
redistribution may vary the shifting amount of the 
threshold Voltage and concurrently rewrite 
information of the other side of the gate, resulting 
in further readout error. 

Accordingly, such an approach has been developed - 
in order to prevent the charge redistribution that a 
charge storage layer is electrically divided into 
portions , and charge storing layers formed at both 
ends of the gate and a control gate are so formed as 
in a self-aligned manner. In this approach, charge 
is to be stored at both ends of the gate of the 
charge storage layers, so that charge redistribution 
is prevented by forming a separation oxide film. 

In the prior art, when such a separation oxide 
film is formed, first, an oxide film as a material 
film of the separation oxide film, an oxide film for 
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an ONO film, and a polysilicon film (polycrystalline 
silicon film) for a gate electrode are formed 
sequentially on a tunnel oxide film. After that, the 
polysilicon film and the two oxide films are 
processed to take shape of a gate by anisotropic 
etching such as RIE (reactive ion etching) of the 
like. In the course of the process, overetching is 
conducted to the oxide films thereby an outer edge 
portion of the oxide film, which is used as the 
material film of the separation oxide film, is made 
retreat, so that the separation oxide film is formed. 

A prior art is disclosed in Japanese Patent Laid- 
open No. 2001-168219. 

SUMMARY OF THE INVENTION 
After diligent efforts, the present inventors 
devised the following embodiment. 

In a first semiconductor memory device relating 
to the present invention, a semiconductor substrate 
and a tunnel insulating film formed on the 
semiconductor substrate are provided. An A1 2 0 3 film 
is formed, and further, a pair of charge storage 
layers sandwiching the A1 2 0 3 film therebetween in 
plain view are formed on the tunnel insulating film. 
An insulating film is formed on the A1 2 0 3 film and the 
pair of charge storage layers, and a gate electrode 
is formed on the insulating film. A source region 
and a drain region sandwiching the gate electrode in 



plain view are formed as a pair on a surface of the 
semiconductor substrate. 

A second semiconductor memory device relating to 
the present invention is intended for a semiconductor 
memory device having a pair of charge storage layers 
in each memory cell thereof and being capable of 
storing four values. Furthermore, an A1 2 0 3 film 
insulating the pair of charge storage layers with 
each other is provided. 

According to a manufacturing method of the 
semiconductor memory device relating to the present 
invention, first, a tunnel insulating film is formed 
on a semiconductor substrate, and an A1 2 0 3 film, an 
insulating film, and a material film of a gate 
electrode are formed sequentially on the tunnel 
insulating film. After that, the gate electrode is 
formed by processing the material film of the gate 
electrode, the insulating film, and the A1 2 0 3 film 
into a planar shape of the gate electrode, and an 
outer edge of the A1 2 0 3 film is made retreat to be 
smaller than an outer edge of the gate electrode by 
performing isotropic etching to the A1 2 0 3 film so as 
to form a pair of spaces under the insulating film. 
Subsequently, charge storage layers are respectively 
formed in the pair of spaces, and a source region and 
a drain region sandwiching the gate electrode in 
plain view are formed as a pair on the surface of the 
semiconductor substrate. Note that the tunnel 
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insulating film may be formed by oxidizing the 
surface of the semiconductor substrate, that is, the 
tunnel insulating film may be formed in any manner 
provided that the same is positioned on the 
semiconductor substrate in consequence. Also, the 
paired source and drain region may be formed- before 
forming the charge storage layers to the extent that 
the material film of the gate electrode, the 
insulating film, and the A1 2 0 3 film have been 
processed therebefore. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figs. 1A to IF are sectional views showing a 
manufacturing method of a multi-value flash memory 
relating to an embodiment of the present invention 
sequentially by process; 

Fig. 2 is a circuit diagram showing a 
configuration of a memory cell array of the multi- 
value flash memory; and 

Fig. 3 is a graphical representation showing a 
relation between treatment solutions and 
corresponding etching rate of an A1 2 0 3 film. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
As described above, in a conventional method, an 
outer edge portion of the oxide film is made retreat 
by overetching. However, it is hard to control 
overetching amount in the course of RIE. In addition, 
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although thermal oxidation treatment is required, 
repeatability thereof among wafers or lots is 
insufficient in the aforementioned prior art due to 
the gate structure in which gate processing and heat 
treatment aire extremely difficult to control. As a 
result, throughput and yield stay in a low level, and 
stability (reliability) in two-bit operation cannot 
be said satisfying as well. 

An object of the present invention is to provide 
a semiconductor memory device capable of storing two 
bits of information per memory cell and a 
manufacturing method thereof, the semiconductor 
memory device enabling high throughput, yield, and 
reliability. 

Hereinafter, concrete description of a 
semiconductor memory device and a manufacturing 
method thereof relating to an embodiment of the 
present invention will be given with reference to the 
accompanying drawings. Note that a configuration of 
each memory cell will be described here with the 
manufacturing method thereof for convenience. Figs. 
1A to IF are sectional views showing a manufacturing 
method of a multi-value flash memory (semiconductor 
memory device) relating to the embodiment of the 
present invention sequentially by process. 

According to the present embodiment, as shown in 
Fig. 1A, first, a tunnel insulating film (tunnel 
oxide film) 2, an A1 2 0 3 film 3, a silicon oxide film 4 
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a polysilicon film ( polycrys talline silicon film) 5, 
and a cap film 6 are formed sequentially on a 
semiconductor substrate, for example, a silicon 
substrate 1. The tunnel oxide film 2 has a thickness 
for example of 3 nm to 9 nm . The A1 2 0 3 film 3 has a 
thickness for example of 5 nm to 15 nm. ThesilicOn 
oxide film 4 has a thickness for example of 10 nm. 
The polysilicon film 5 has a thickness for example of 
180 nm. Further, the cap film 6 is composed of a 
silicon oxide film or a silicon nitride film as an 
example . 

Next, the cap film 6, the polysilicon film 5, the 
silicon oxide film 4, and the A1 2 0 3 film 3 are 
patterned into a planar shape of a gate electrode. 
As a result, a gate electrode is configured by the 
polysilicon film 5. After that, ion injection is 
performed using the patterned cap film 6 and the like 
as a mask to form for example n" diffusion layers 7 on 
a surface of the silicon substrate 1. 

As shown in Fig. IB, thereafter, isotropic 
etching of the A1 2 0 3 film 3 is performed to retreat an 
outer edge of the A1 2 0 3 film 3 to be smaller than that 
of the gate electrode (patterned polysilicon film 5). 
In the isotropic etching, a solution of sulfuric acid 
with hydrogen peroxide is used as an example. The 
solution of sulfuric acid with hydrogen peroxide 
exhibits higher etching rate to the A1 2 0 3 film 3, 
while the silicon oxide film, the silicon nitride 
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film, the polysilicon film, and the like are hardly 
removed, enabling almost exclusive etching of the 
A1 2 0 3 film 3 at a high selectivity ratio. 

Subsequently , as shown in Fig. 1C, a conductor 
filnw which is capable of holding an electron that is 
injected thereinto from a channel, is formed. all over 
surface. According to the present embodiment, as an 
example of such a conductor film, a polysilicon film 
8 is formed. In the formation, the polysilicon film 
8 is formed to fill spaces under the silicon oxide 
film 4, the spaces being formed when the A1 2 0 3 film 3 
is made retreat. Such a polysilicon film 8 can be 
formed, for example, by atmospheric pressure CVD 
method. 

Subsequently, as shown in Fig. ID, the 
polysilicon film 8 is processed by anisotropic 
etching, for example, RIE so that the polysilicon 
films 8 each having a predetermined thickness 
(thickness in terras of not vertical direction but 
horizontal direction) are remained on the side 
portions of the polysilicon film 5 and the like. At 
this time, the polysilicon films 8 are also made 
remain in the spaces under the silicon oxide film 4, 
the spaces being formed when the A1 2 0^ film 3 is made 
retreat. The polysilicon films 8 to be remained on 
the side portions of the polysilicon film 5 and the 
like have the same thickness as of a sidewall for 
forming an LDD structure, as an example. 
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Subsequently, thermal oxidation method is 
performed to oxidize portions of the polysilicon 
films 8 except portions in the spaces formed under 
the silicon oxide film 4 when the A1 2 0 3 film 3 is made 
retreat. Consequently, as shown in Fig. IE, sidewall 
oxide films (sidewall insulating films) 9 are formed. 

Subsequently, as shown in Fig. IF, ion 
implantation is performed at a higher concentration 
ratio than that employed when the n" diffusion layers 
7 are formed to thereby form, for example, n + 
diffusion layers 10 on the surface of the silicon 
substrate 1 using the cap film 6 and the sidewall 
oxide films 9 as a mask. With the n" diffusion layers 
7 and the n + diffusion layers 10, a source and drain 
region of the LDD structure is configured. 

After that, an interiayer insulating film, a 
contact hole, a wiring or the like are formed to 
complete the multi-value flash memory. 

Fig. 2 is a circuit diagram showing a 
configuration of a memory cell array of the multi- 
value flash memory. The memory cell array is 
composed of a plurality of memory cells 11 arranged, 
the memory cells 11 being formed in the above- 
described manner. The gate of each memory cell 11 is 
connected to a word line 12, and the source and drain 
thereof are connected to bit lines 13. 

A6 shown in Fig. IF, in the multi-value flash 
memory configured in the above-described manner, the 
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A1 2 0 3 film 3 is provided in each memory cell 11 in 
plain view, being sandwiched between the two 
polysilicon films 8 serving as charge. storage layers, 
preventing charge from traveling between these 
polysilicon films 8. Hence, two-bit operation is 
stably performed and high reliability is obtained. 

Further, the isotropic etching ^employed in the 
manufacturing method shows high selectivity ratio to 
the A1 2 0 3 film 3; thereby size control of the spaces 
is extremely facilitated. Fig. 3 is a graphical 
representation showing a relation between treatment 
solutions and corresponding etching rate of the A1 2 0 3 
film. In the above-described embodiment, as shown in 
Fig. 3, the A1 2 0 3 film 3 is isotropically etched using 
the solution of sulfuric acid with hydrogen peroxide 
(POS), and therefore, etching is conducted at a high 
rate. On the contrary, the silicon oxide film 4, the 
polysilicon oxide film 5, the cap film 6 and the like 
are hardly etched by the sulfuric acid with hydrogen 
peroxide. Consequently, the A1 2 0 3 film 3 is etched at 
such a high selectivity ratio that etching amount can 
be placed under control with extreme ease, therefore 
throughput and yield are improved. 

Note that, as shown in Fig. 3, the A1 2 0 3 film can 
be etched at a high rate also by HC1, HN0 3 , H 2 0 2 , H 2 S0 4 
and HF, whereas, HF cannot be for use therein since 
the use of HF concurrently removes the silicon oxide 
film. Although HC1, HN0 3 , H 2 0 2 , and H 2 S0 4 can be for 
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use, the solution of sulfuric acid with hydrogen 
peroxide (POS) is the most preferable one. 

Additionally, according to the above-described 
embodiment, the sidewall oxide films 9 are formed by 
oxidizing parts of the polysilicon films 8; however, 
the method for forming a sidewall oxide film is not 
limited thereto. To cite a case, in the process as 
shown in Fig. ID, the sidewall oxide film may be 
formed through deposition by atmospheric pressure CVD 
method or the like of the silicon oxide film and etch 
back thereof after anisotropic etching so performed 
as to leave the polysilicon films 8 only in the 
spaces formed under the silicon oxide film 4. 

As detailed hereinbefore, according to the 
present invention, it is possible without fail to 
insulate a pair of charge storage layers with each 
other using an A1 2 0 3 film, enabling stable two-bit 
operation. In addition, the etching of the A1 2 0 3 film 
can be performed at a high selectivity ratio as 
compared to that of a polycrystalline silicon film, a 
silicon oxide film, and the like, facilitating the 
control of the etching amount with extreme ease. As 
a result, improvement of throughput and yield are 
enabled. 

The present embodiments are to be considered in 
all respects as illustrative and no restrictive, and 
all changes which come within the meaning and range 
of equivalency of the claims are therefore Intended 
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to be embraced therein. The invention may be 
embodied in other specific forms without departing 
from the spirit or essential characteristics thereof. 
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WHAT IS CLAIMED IS: 

1. A semiconductor memory device comprising: 
a semiconductor substrate; 

a tunnel insulating film formed on said 
semiconductor substrate; 

an AI2O3 film formed on said tunnel insulating 

film; 

a pair of charge storage layers sandwiching said 
A1 2 0 3 film therebetween in plain view formed on said 
tunnel insulating film; 

an insulating film formed on said A1 2 0 3 film and 
said pair of charge storage layers ; 

a gate electrode formed on said insulating film; 

and 

a source region and a drain region formed as a 
pair sandwiching said gate electrode in plain view 
formed on a surface of said semiconductor substrate. 

2. The semiconductor memory device according to 
claim 1, further comprising a sidewall insulating 
film formed over a side surface of said gate 
electrode, said insulating film, and said pair of 
charge storage layers. 

3. A semiconductor memory device having a pair 
of charge storage layers in each memory cell thereof 
and being capable of storing four values, comprising 
an A1 2 0 3 film insulating said pair of charge storage 
layers with each other. 
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4. The semiconductor memory device according to 
claim 1, wherein 

said charge storage layers are composed of a 
polycrystalline silicon. 

5. The semiconductor memory device according to 
claim 3, wherein 

said charge storage layers are composed of a 
polycrystalline silicon, 

6. The semiconductor memory device according to 
claim 1, wherein 

said tunnel insulating film has a thickness of 3 
nm to 9 nm. 

7* The semiconductor memory device according to 
claim 3 , wherein 

a tunnel insulating film has a thickness of 3 nm 
to 9 nm. 

8. The semiconductor memory device according to 
claim 1, wherein 

said A1 2 0 3 film and said pair of charge storage 
layers have a thickness of 5 nm to 15 nm. 

9. The semiconductor memory device according to 
claim 3, wherein 

said A1 2 0 3 film and said pair of charge storage 
layers have a thickness of 5 nm to 15 nm. 

10. A manufacturing method of a semiconductor 
memory device comprising the steps of: 

forming a tunnel insulating film on a 
semiconductor substrate; 
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forming sequentially an A1 2 0 3 film, an insulating 
film, and a material film of a gate electrode on the 
tunnel insulating f Uni- 
forming a gate electrode by processing the 
material film of the gate electrode, the insulating 
film, and the A1 2 0 3 film into a planar shape "of the 
gate electrode; 

making a retreat of an outer edge of the A1 2 0 3 
film to be smaller than an outer edge of the gate 
electrode by performing isotropic etching to the A1 2 0 3 
film so as to form a pair of spaces under the 
insulating film; 

forming charge storage layers respectively in the 
pair of spaces; and 

forming a source region and a drain region 
sandwiching the gate electrode in plain view, as a 
pair, on a surface of the semiconductor substrate. 

11. The manufacturing method of the 
semiconductor memory device according to claim 10, 
wherein 

isotropic etching of the A1 2 0 3 film is performed 
using a solution of sulfuric acid With hydrogen 
peroxide during the step of performing isotropic 
etching to the A1 2 0 3 film. 

12. The manufacturing method of the 
semiconductor memory device according to claim 10, 
wherein 
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a polycrystalline silicon film is formed as the 
charge storage layers. 

13. The manufacturing method of the 
semiconductor memory device according to claim 10, 
wherein 

said step of forming the charge storage layers 
comprises the steps of: 

forming a polycrystalline silicon film all over 
surface; and 

making the polycrystalline silicon film remain in 
the spaces and forming a sidewall composed of the 
polycrystalline silicon film over side surfaces of 
the gate electrode and the insulating film by 
performing anisotropic etching to the polycrystalline 
silicon film. 

14. The manufacturing method of the 
semiconductor memory device according to claim 13 , 
wherein 

said step of forming the charge storage layers 
comprises a step of oxidizing the sidewall after the 
step of performing anisotropic etching to the 
polycrystalline silicon film. 

15. The manufacturing method of the 
semiconductor memory device according to claim 10 , 
wherein 

said step of forming the charge storage layers 
comprises the steps of: 



-16- 



forming a polycrystalline silicon film all over 
surface; and 

making the polycrystalline silicon film remain 
only in the spaces by performing anisotropic etching 
to the polycrystalline silicon film. 

16. The manufacturing method of the 
semiconductor memory device according to claim 15 , 
wherein 

said step of forming the charge storage layers 
comprises the steps of: 

forming an insulating film for a sidewall all 
over surface; and 

forming a sidewall insulating film over side 
surfaces of the gate electrode and the insulating 
film by etching back the insulating film for the 
sidewall, after the step of performing anisotropic 
etching to the polycrystalline silicon film. 

17. The manufacturing method of the 
semiconductor memory device according to claim 10, 
wherein 

the tunnel insulating film has a thickness of 3 
nm to 9 nm. 

18. The manufacturing method of the 
semiconductor memory device according to claim 10, 
wherein 

the A1 2 0 3 film and the pair of charge storage 
layers have a thickness of 5 nm to 15 nm. 
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19. The manufacturing method of the 
semiconductor memory device according to claim 11, 
wherein 

the tunnel insulating film has a thickness of 3 
nm to 9 nm. 

20. The manufacturing method of the 
semiconductor memory device according to claim 11 , 
wherein 

the A1 2 0 3 film and a pair of charge storage layers 
have a thickness of 5 nm to 15 nm. 
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ABSTRACT OF THE DISCLOSURE 
A polysilicon film and the like are patterned to 
form n'diffusion layers on a silicon substrate. 
Subsequently, an outer edge of an A1 2 0 3 film is made 
retreat to be smaller than that of a gate electrode 
by performing isotropic etching of the A1 2 0 3 "film, 
using a solution of sulfuric acid with hydrogen 
peroxide. A silicon oxide film, a silicon nitride 
film, the polysilicon film and the like are hardly 
removed although the solution of sulfuric acid with 
hydrogen peroxide exhibits higher etching rate to the 
A1 2 0 3 film, enabling almost exclusive etching of the 
AI2O3 film at a high selectivity ratio. Subsequently, 
another polysilicon film is formed so as to fill 
spaces formed after the retreat of the A1 2 0 3 film 
under the silicon oxide film. Subsequently, a 
sidewall insulating film is formed by remaining 
portions of the later polysilicon film in the spaces 
by performing RIE, oxidation, or the like of the 
later polysilicon film. 
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FIG. 1D 
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FIG. 1F 
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Necessary information for the missing inventor 



1) The missing inventor: Masaki ISHIDAO 

2) His last known address: 

2-506, Azuma-cho 1-chome, Atsugi-shi, Kanagawa 243-0006 Japan 

3) The pertinent facts: 

Declaration and Power of Attorney, Assignment, along with a copy 
of the present application were sent to the missing inventor's above 
address, requesting him to sign on the above documents and return to 
us, on September 22, 2004 via registered mail. However, the mail 
returned to us on October 1, 2004, since there was no one at the 
address. In addition, we have made efforts to locate him by using 
telephone directories, however his telephone number was unable to 
obtain since the telephone number with the above address was not 
registered. Accordingly, he can not be reached and it is impossible 
to obtain his signature on the Declaration and Power of Attorney as 
well as Assignment. 
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Yasuko SOGA 



Patent Administration Department 
FUJITSU LIMITED 



